independently, and also along with Lewis (1901) in the United States, made further contributions to the then existing knowledge of the development of the intervertebral disc ; while Fick (1904) , from the Anatomy Department in Berlin, incorporated in his authoritative text on Arthrology an exact account of the vertebral joints in the adult.
Despite these and other publications, it would appear from a review of the literature, that until the appearance of a paper by Schmorl in 1928, the intervertebral disc was regarded as a structure of no great significance in the normal mechanism of the vertebral column. No attempt, it would appear, had been made to correlate the known intricate structure of the discs with their role of binding the free vertebrae to one another, and at the same time permitting the series of alternate discs and bones to function as a flexible and resilient supporting column. The problems involved in gaining and maintaining the upright posture are apparent in the whole structure of Man, and in the axial skeleton and its joints there is ample evidence of the modifications that have occurred.
I make mention of this fact at this time because Schmorl's first publication, which provided the stimulus for a new approach to the problems of the vertebral column (and especially the discs), was concerned with a derangement of the disc that is associated with the upright posture. In this country we are indebted to Beadle (1931) (Sensenig, 1949) . While the Myocoele is present the somite has a triangular form with well-defined Medial, lateral and ventral walls (Fig. 2) .
It is the cells of the lower part of the medial wall and the adjacent Part of the ventral wall that are concerned with the development of the axial skeleton and it is on account of the nature of its derivatives that this part of the somite bears the name of sclerotome, a term lnstituted by John Goodsir (1857) and used by him in an Address given to the British Association ninety-six years ago ; the remainder ?f the somite is termed the myotome or dermo-myotome. The cells ?f the sclerotome migrate medially and passing both dorsal and ventral to the notochord meet those of the opposite side in the mid-line, and s? form a continuous membranous mesodermal column around the notochord (Fig. 4) . (Fig. 3) . It was Bardeen (1905) Sensenig (1949) and Peacock (1950- The sclerotomic fissure appears when the embryo is about 3-5 mm. SCLEROTOME MYOTOME its lateral end. The prominent cellular band which descends medial to the nerve has been termed by Bardeen (1905) (Minot, 1907, and Sensenig, 1949 (Sensenig, 1949 , Peacock, 1951 Williams (1908) as the embryonic perichondrium.
The cells of the outer part of the disc._.have by now differentiated as fibroblasts and these elongated cells, which have as yet elaborated little collagen, have already begun to assume a laminated pattern and will form the peripheral part of the annulus fibrosus ( Fig. 13 )-Within the peripheral region of fibroblasts there is an inner zone, which although relatively small at this stage will by the proliferation of its cells participate in a most active manner in the formation of both the annulus fibrosus and the nucleus pulposus throughout the growth of the disc. Prader (1947$) has recently emphasised the importance of this inner zone in the formation of the intervertebral disc and Peacock (1951, 1952) (x|.) (Fig. 15) . Within the fibrous covering lie fibro-cartilaginous laminae and these form the major part ?f the annulus. In a transverse section of the disc of a young adult (Fig. 16 ) the laminated appearance of the annulus is readily apparent, and it can be seen that its innermost fibres blend with the nucleus Pulposus tissue from which the annulus is not sharply demarcated. The laminae do not form complete rings and though they may encompass about half of the nucleus they either become attenuated and finally cease, or bifurcate and enclose the termination of another lamina (Fig. 17) ; at the sides of the annulus, strong fibrous bands may be seen connecting adjacent laminae. It is this pattern of dovetailing and anastomoses between laminae that helps to give the annulus its complicated pattern. It is also noticeable that the laminae become increasingly thick as they are traced from the periphery towards the nucleus.
In the lumbar region some twelve to sixteen laminae can usually be enumerated anteriorly and at the sides these are often supplemented by several deeply situated laminae which have a relatively short antero-posterior course. In the adult lumbar intervertebral discs the nucleus pulposus is situated nearer the posterior than the anterior surface of the disc, and the laterally placed laminae in their course backwards become more slender and often bifurcated. In the posterior part of the annulus they join with each other in the formation of a narrow zone of great complexity that lies directly behind the nucleus. The excentric position of the nucleus pulposus must be regarded (Fig. 17) is similar to that seen in the adult.
The intricacy of the pattern of the annulus is further increased by the difference in direction of the collagenous fibres in adjacent laminae. In the lumbar region the fibres of contiguous laminae cross each other at an obtuse angle and the main mass of fibres in any one lamina passes at an angle of about 30? to the horizontal plane (Fig. 18) . This cruciate arrangement of the fibres of the annulus was described as long ago as 1835 by Labalt and The cruciate arrangement of the fibres of laminae of the annulus to which reference has been made, offers an additional opportunity for the study of the powers of self-differentiation possessed by ligaments.
In a 43 mm. embryo (Fig. 19a) (Fig. 20) . The upper curvature is much the longer and extends from the atlas to the fifth lumbar vertebra and the lower curvature is limited to the sacrum and coccyx. The lumbar curvature appears with the assumption of the erect attitude, when the trunk is lifted up and the lower limbs are extended in walking, and this is well seen in a median section of the adult (Fig. 21) . Before the formation of this curvature the length of the fibres of the anterior and posterior parts of the annulus is approximately the same, and the laminae constituting these parts pass with a gentle sweep between the contiguous surfaces of adjacent vertebrae (Fig. 22) . The formation of the secondary lumbar curvature causes a widening of the interval between the anterior parts of the bodies of the lumbar vertebrae and an approximation of their posterior parts, and to this approximation the posterior fibres of the annulus have, of necessity, to adapt themselves by assuming a U-shaped course in their passage between vertebrae. This is illustrated in Fig. 23 which is a photograph of the posterior part of the annulus of an 11-year-old child. In the central angular interval between the sharply-curved fibres of the posterior part of the annulus, additional fibres which have a more direct course between the vertebrae are developed and the deepest of these may have a convexity directed towards the nucleus ; Franceschini (1947) (Fig. 58) . The appearance presented by the localised aggregations of notochordal cells in the developing discs of embryos in which the mucoid streak is present, is very suggestive of a passive displacement of the cells from the vertebral bodies into the intervertebral regions. This view was expressed by Kolliker (1867) and he attributed the displacement to the rapid growth of the cartilage of the vertebral bodies, and Williams (1908) (Fig. 12) (Fig. 26) (Fig. 27) . The notochordal element of the disc is represented by an aggregation of cells lying nearer the anterior than the posterior surface of the disc and immediately surrounding it is the cuff of undifferentiated tissue that forms the inner cell zone of the perichordal disc. The tissue of the inner cell zone has frequently been classified as cartilage, but its cellularity and the appearance of its intercellular substance would appear to warrant its designation as Precartilage (Fig. 28) (Fig. 30) . The nucleus pulposus up till this stage has been situated nearer the front than the back of the disc, but as its further expansion is mainly in a posterior direction it comes to occupy a more central position in the disc. In a 94 mm. foetus (Fig. 31) , the nucleus pulposus has assumed approximately this position, and in this specimen, it may also be noted that there are fine strands of fibrous tissue becoming incorporated in the nucleus (Fig. 32) . This tissue, after about two years of age, will take an ever-increasing part in the formation of the nucleus, and in the adult, will cause the nucleus to assume its fibrous nature.
The early invasion of the nucleus pulposus by fine collagenous fibres does not appear to have been generally recognised although Keyes and Compere (1932) Throughout foetal life the nucleus pulposus continues to grow relatively faster than the annulus fibrosus and during the later part ?f foetal life and in the young child it forms the greater part of the intervertebral disc (Fig. 22) . This predominance of the nucleus Pulposus over the annulus fibrosus during foetal life is a characteristic feature of intervertebral disc development and is to be correlated with the activity of the notochordal cells during the corresponding period.
During the first six months of intra-uterine life the notochordal cells mcrease in size and number and form active elements in the nucleus Pulposus, and their relative number and appearance during this phase ?f their development is characteristically seen in a four-and-a-halfrnonths-old foetus (Figs. 33-35 In young people there is a sharp line of demarcation between the cartilage plate and the nucleus pulposus (Fig. 39 ) but in many older discs the cartilage cells may be seen invading the nucleus pulposus (Fig. 40) (Fig. 41) Walmsley, 1951) and this difference has been associated with their different mode of nourishment. The presence of vessels in tissues "with the physical characters of the annulus fibrosus and nucleus Pulposus is incompatible with their function of weight transmission, and the avascularity of the disc is a character of it at all stages of its development and has been so described by Keyes and Compere (1932) .
The nutrition of the intervertebral disc is therefore dependent on the diffusion of fluid into it from the vertebral bodies and it is with this mode of nutrition that the porous upper and lower surfaces of the Vertebral bodies is to be correlated (Figs. 44 and 45 ). The passage ?f the fluid through the cartilage plates which intervene between the bones and the disc is a feature of great significance and warrants a further investigation of the source and manner of nutrition of the articular cartilage of synovial joints.
The intervertebral disc between the fifth lumbar vertebra and the sacrum has greater dimensions than any other avascular tissue in the body, and this very fact may, in part at least, be associated with the degeneration changes which so frequently occur in it.
Ossification of Vertebral Bodies
The ossification of the bodies of the vertebrae show many points of interest and not least of these is the fact that the postero-lateral parts of each body are ossified from the neural arches, whereas the intermediate part or centrum of the body is ossified separately (Fig. 43) (Fig. 46) . The calcification of the central cartilage of the precursor of a long bone has been fully described by Bloom and Bloom (194?) and the inductive influence of the calcified cartilagine on the formation of the periosteal osseous collar has been discussed by Lacroix (195!) and Streeter (1949 (Fig. 57) 5-The secondary segmental aggregations of the notochordal cells which appear before the formation of the nucleus pulposus is considered as an inherent quality of self-differentiation within the notochord.
6. The manner of ossification of the body of a vertebra is similar ln its essentials to the ossification of the diaphysis of a long bone.
7-The restriction of the upper and lower epiphyses to the periphery ?f the body is associated with the nutrition of the intervertebral disc which is an avascular structure.
8. The intervertebral discs in which the greatest adaptive changes 0ccur after birth are in the regions of the cervical and lumbar compensatory curvatures ; the changes incited in the annulus fibrosus of the lumbar intervertebral discs would appear to test to the maximum the adaptive qualities of the disc. 
